To identify plants with bioactive potential for skin care, methanol extracts of 56 plant parts from 47 medical and edible plants cultivated in Okinawa were tested for their proliferative effects on NB1RGB skin fibroblast cells. Extracts from six plants, Bischofia javanica, Colocasia esculenta, Melaleuca alternifolia, Piper angustifolia, Jasminum sambac, and Curcuma longa, showed higher NB1RGB cell proliferation activity (>10%) than the control, at various concentrations. Among the six extracts, only the C. longa extract caused an increase in collagen synthesis in NB1RGB cells, as compared to treatment with the positive control, ascorbic acid (AsA). Expression of the collagen synthesis marker, transforming growth factor-1, was higher after treatment with the C. longa extract than with AsA.
Type I collagen is the predominant fibrous protein of the extracellular matrix, and it serves as the major protein constituent in human connective tissues. 1) Approximately 3-6% of the tissues in the body consist of collagen, and the functional properties of the skin depend on the integrity of collagen in the dermis. The deposition of collagen is intricately controlled and is dependent on the physiological status of the body. Changes in the rate of collagen deposition occur during wound-healing, 2) bone development, 3) and aging. 4) Therefore, the control of skin fibroblast proliferation and collagen metabolism may be useful in a variety of therapeutic and cosmetic applications. The Okinawa area is located at the southern region of Japan and consists of more than 100 islands. Okinawa is the only region in Japan that has a subtropical climate, allowing the growth and cultivation of both tropical and temperate plants. The inhabitants of Okinawa have traditionally utilized these plants as medicinal herbs and food. In this study, we collected a large variety of tropical and subtropical plants, most of which have been used as traditional medicinal herbs in Okinawa. To survey the additional medicinal characteristics of these plants, we evaluated the effects of the Okinawan plant extracts on cell proliferation and type I collagen synthesis in human skin cell lines.
A total of 56 plant parts from 47 species collected from the University of Ryukyus campus (Okinawa, Japan) are listed in Table 1 . Each dried plant part (2 g) was ground using a mini-grinder (Model DF-15, Shenzhen Laitong Co., Shenzhen, China), and then soaked in 20 mL of methanol at room temperature for 24 h. The methanol solution was then filtered and concentrated under reduced pressure, and the obtained extract was used in the subsequent experiments, unless otherwise indicated.
The NB1RGB cell line used in the assay for proliferation and collagen synthesis were normal human skin fibroblasts, purchased from the Riken Cell Bank (Ibaraki, Japan). NB1RGB cells were cultivated in -MEM containing 10% fetal bovine serum (FBS) and were maintained at 37 C and 5% CO 2 . For the assay on proliferation, the cells were seeded on 96-well microplates (5 Â 10 3 cells/well) and were cultivated as previously mentioned. After 24 h, the medium was changed to 200 mL of -MEM containing 10% FBS supplemented with a plant extract or L-ascorbic acid (AsA), and the cells were incubated for 72 h. In this assay, the concentrations of the test compounds were 0.0032, 0.016, 0.08, 0.4, 2, 4, 10, and 50 mg/mL. The control cells were cultivated in the medium without the plant extract or AsA. AsA was used as a positive control in this study because it has been identified as an inducer of proliferation and type I collagen synthesis in fibroblasts. 5) After 72 h of exposure to the plant extract or AsA, cell proliferation was determined using the MTS assay, as described elsewhere. 6) Data were expressed in terms of cell proliferation rate (%), which was calculated by the formula [(absorbance with the supplemented medium À absorbance with the supplemented medium without cells)/(absorbance with the control medium À absorbance of the medium itself)] Â 100. Table 1 shows the maximum NB1RGB cell proliferation rate in the presence of various test compound concentrations. Only y To whom correspondence should be addressed. Tel: +81-98-895-8809; Fax: +81-98-895-8734; E-mail: kojiwada@agr.u-ryukyu.ac.jp Abbreviations: FBS, fetal bovine serum; -MEM, alpha modified eagle minimum essential medium; AsA, L-ascorbic acid; MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium; ELISA, enzyme-linked immunoassay; TGF-1, transforming growth factor-1; SDS, sodium dodecyl sulfate six plant extracts obtained from Bischofia javanica (twig), Colocasia esculenta (leaf), Melaleuca alternifolia (twig and leaf), Piper angustifolia (leaf), Jasminum sambac (leaf), and Curcuma longa (rhizome) showed >10% increase in proliferation at different concentrations, whereas their activities were lower than that of AsA (maximum cell proliferation: 143.8% at 4 mg/mL). NB1RGB cell proliferation evaluated in vitro has been reported to be an important assay for studies on collagen synthesis, 7) showing a positive correlation with collagen synthesis. Hence, the six plant extracts were extensively used in the experiment of type I collagen synthesis in fibroblasts, with each concentration indicating maximum cell proliferation. For the assay on collagen synthesis, NB1RGB cells were seeded at a concentration of 5 Â 10 4 cells/dish (': 60 mm, height: 15 mm) and were cultivated as described above. After 24 h, the medium was changed to -MEM that contained 10% FBS supplemented with each of the six plant extracts or AsA, and this was maintained for 72 h. Cell viability was then measured using a blood corpuscle counting chamber. After a test confirming the non-toxicity of the extracts (cell viability > 95%), the amount of type I collagen in the culture medium was also measured using an enzyme-linked immunoassay (ELISA) kit (human collagen type I ELISA kit, Cosmo Bio Co., Ltd., Tokyo, Japan), according to the manufacturer's instructions. Data were expressed in terms of collagen production rate (%), as compared to the control, in micrograms per live cell. All data were expressed as mean AE SD. The data were analyzed using one-way analysis of variance with Dunnett's multiple comparison test. Differences were considered significant at p < 0:05. Figure 1 shows the production rate for type I collagen in NB1RGB cells. The results indicated that the production rate of collagen was higher in the presence of the C. longa (rhizome) extract than in the presence of the other five extracts. Collagen synthesis in the presence of the C. longa extract was also higher than that observed with AsA, whereas the proliferation rate of NB1RGB cells after the introduction of the extract was lower than that shown for AsA. These results might be attributable to differences in the cytological actions of the C. longa extract and AsA.
Transforming growth factor-1 (TGF-1) has been reported to increase collagen synthesis and to induce cell proliferation and renewal in various types of skin cells. 8) To clarify the mechanism by which the C. longa extract promoted collagen synthesis, expression of TGF-1 in NB1RGB cells was determined using Western blot analysis. NB1RGB cells treated with the C. longa extract or AsA were prepared using the same conditions as described above for the collagen synthesis assay. After cultivation with the plant extract or control, the medium was removed, and the cells were then scraped into a lysis buffer (60 mM Tris-HCl [pH 7.4], 5% 2-mercaptoethanol, 2% sodium dodecyl sulfate [SDS] , and 5% sucrose), sonicated for 15 s, heated at 95 C for 5 min, collected by centrifugation, and stored at À80 C. The lysates were subjected to SDS-polyacrylamide gel electrophoresis, and the proteins were transferred onto immobilon polyvinylidene fluoride membranes (Millipore, Billerica, MA). The blot was probed using either anti-TGF-1 (Cosmo Bio) or anti--actin (Cosmo Bio), and immune complexes were detected using horseradish peroxidase conjugated with specific secondary antiserum (GE Healthcare Ltd., Tokyo, Japan). As expected, the expression of TGF-1 was increased by the administration of the C. longa extract to the cells, despite the normal expression of -actin (Fig. 2) . Interestingly, the signal density of TGF-1 in the cells treated with the C. longa extract was also higher than that of cells incubated with AsA as the The final concentration of each extract was fixed at the concentrations indicating maximum cell proliferation as follows: Bischofia javanica (twig), 0.0032 mg/mL; Colocasia esculenta (leaf), 0.4 mg/mL; Melaleuca alternifolia (twig and leaf), 0.016 mg/mL; Piper angustifolia (leaf), 10 mg/mL; Jasminum sambac (leaf), 0.0032 mg/mL; Curcuma longa (rhizome), 4 mg/mL; and ascorbic acid, 4 mg/mL. Each value represents the mean AE SD (n ¼ 3). Statistical analysis was performed using Dunnet's test. The value marked by an asterisk was significantly different from that of the control at p < 0:05 ( Ã ).
TGF-β1 β-Actin
Control As A C. longa positive control. These results suggest the possible involvement of TGF-1 in the mechanism for the promotion of collagen production by using the C. longa extract. The rhizomes of C. longa are widely used for different therapeutic purposes in India and other Asian countries. 9) A variety of food supplements containing C. longa are also currently being commercially manufactured and marketed. Curcumin, a polyphenol and one of the most important lipidic ingredients in C. longa, has been reported to be effective as a traditional skin remedy with anti-oxidative 10, 11) and anti-inflammatory activities 12, 13) and capacity for suppression of matrix metalloproteinase-2 expression. 14) In the present study, we found that extracts derived from C. longa promote type I collagen synthesis and TGF-1 expression. However, the active component in C. longa that is mainly responsible for these molecular activities remains unknown, and further studies are therefore required.
In conclusion, the results of our study indicate that among the 47 medicinal and edible plant species cultivated in Okinawa, six plant extracts derived from B. javanica, C. esculenta, M. alternifolia, P. angustifolia, J. sambac, and C. longa showed higher NB1RGB cell proliferative activity. In addition, the C. longa extract caused an increase in type I collagen production in NB1RGB cells by promoting TGF-1 expression, suggesting its potential in a variety of skin therapeutic and cosmetic applications.
